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interactions between COMP with chondrogenic growth factors like TGFb1
and bone morphogenetic proteins (BMPs), and whether this affects the
cellular response to the growth factors.
Methods:
i. Solid phase ELISA binding assays determined the binding of COMP to
TGFb and BMP ligands using soluble COMP and immobilized TGFb1,
BMP-2, BMP-4 and BMP-7, and vice versa. Binding assays were also
conducted for TGFb1 and deletion constructs of COMP.
ii. ELISA was carried out to see the effect of divalent cations on COMP-
TGFb1 binding. A constant amount of COMP was allowed to bind
with immobilized TGFb1 in the presence of different concentrations
of Ca, Mg, Mn or EDTA.
iii. TGFb1 was labeled with gold thiocyanate, bound to COMP or
an N-terminally truncated COMP construct in the presence or
absence of manganese, and visualized by negative-stained electron
microscopy.
iv. Luciferase assays were performed with a mink lung cell line stably
transfected with a TGFb-responsive promoter, and a C2C12 cell
line stably transfected with a BMP-responsive promoter, driving
the expression of luciferase. We measured: a) TGFb1 dependent
transcriptional activation by the COMP-TGFb1 complex, and b) BMP-
dependent transcriptional activation by the COMP-BMP7 complex.
Fig. 1. (A) Schematic representation of COMP and one deletion construct.
(B) Soluble COMP binds to the TGF-b superfamily proteins. (C) Deletion
construct of COMP binds to TGF-b1 in a dose-dependent manner.
Fig. 2. (A) Increasing concentrations of manganese enhance the binding
of COMP to TGF, while similar concentrations of Ca, Mg and EDTA do
not affect the interaction. (B) Dose-dependent increase in the amount of
COMP bound to TGF in the presence of Mn.
Fig. 3. Electron micrographs of TGF-b1 bound to : (A) COMP in the
absence of manganese; (B) COMP in the presence of manganese;
(C) deletion construct of COMP, COMP(DN), in the absence of manganese;
(D) COM)(DN) in the presence of manganese. In B and D, an additional
binding site is observed.
Fig. 4. Activation of BMP- and TGF-b1-dependent transcription.
(A) COMP–BMP7 binding enhances transcriptional activation of
luciferase reporter in BMP responsive cells. (B) TGF-b1-dependent
transcription is enhanced in a dose-dependent manner by TGF-b1 binding
to increasing amounts of COMP. COMP alone has no effect on BMP-- or
TGF-b1-dependent transcription.
Results:
i. Solid phase ELISA binding assays revealed that COMP bound to
TGFb1, BMP-2, BMP-4 and BMP-7 and half-maximal binding occurs
with 1.4mg of COMP and 1mg of TGFb1. The different deletion
constructs of COMP also bound to TGFb1 in a dose dependant manner
(Figure 1).
ii. Addition of Manganese caused a dose-dependent increase in the
amount of COMP binding to TGFb1 (Figure 2).
iii. Electron micrographs show that TGFb1 binds to the C-terminal of
COMP and its deletion constructs. An additional TGFb1 binding site
is observed in the presence of manganese (Figure 3).
iv. Luciferase assays showed that while COMP alone had no effect on
transcriptional activation, it was enhanced in a dose-dependent
manner when increasing amounts of COMP were bound to ﬁxed
amounts of TGFb1 or BMP7 (Figure 4).
Conclusions: Our studies show that there is a direct binding between
COMP and TGFb ligands and this binding can be enhanced in the presence
of a divalent cation, manganese. TGFb ligands seem to bind to the
C-terminal domain of COMP while addition of manganese opens up yet
another binding site, as also seen in the COMP deletion construct. COMP
bound to these ligands causes transcriptional activation by increasing
the cellular response to TGFb1 and BMP.
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Purpose: Clinical and in vitro studies suggest that subchondral bone
sclerosis due to abnormal osteoblast (Ob) function, is involved in the
progression and/or onset of osteoarthritis (OA). Moreover, human OA
subchondral Ob show a phenotype of very differentiated cells, however
they fail to mineralize normally in vitro as in vivo. Wnt signaling
plays a key role in osteogenesis by promoting the differentiation and
mineralization of Ob mainly via the canonical Wnt/b-catenin (cWnt)
signaling pathway. Sclerostin (SOST) has been shown to alter cWnt
signaling, however the regulation of SOST in OA Ob remains unknown.
Here we investigated the role of SOST in OA Ob.
Methods: We prepared primary human subchondral Ob using the
sclerotic medial portion of the tibial plateaus of OA patients undergoing
knee arthroplasty, or from tibial plateaus of normal individuals at
autopsy. SOST expression and production was evaluated by qRT-PCR
and WB analysis. The regulation of SOST expression was determined in
response to transforming growth factor-b1 (TGF-b1) and as a function
of the growth of OA Ob. SOST inhibition was performed using siRNA
techniques. cWnt signaling was evaluated by measuring target gene
expression using the TOPﬂash Tcf/lef luciferase reporter assay and
intracellular b-catenin levels by WB. Mineralization was evaluated by
Alizarin red staining. TGF-b1 levels were determined by ELISA.
Results: SOST expression was high in OA Ob compared to normal.
Western blot analysis also indicated a similar distribution for OA Ob
compared to normal Ob. SOST expression and production increased in
post-conﬂuent OA Ob and normal Ob, however its increase was more
pronounced in OA Ob and levels remained always higher in OA Ob.
TGF-b1 expression was high in OA Ob and stimulated SOST expression
and production in Ob. cWnt signaling was reduced in OA compared to
normal Ob. Inhibiting SOST expression by siRNA increased cWnt signaling
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using the TOPﬂash reporter assay and also increased b-catenin levels
in OA Ob. Mineralization of OA Ob was reduced compared to normal
Ob. SOST inhibition corrected (cWnt) signaling pathway and abnormal
mineralization of OA Ob.
Conclusions: This is the ﬁrst demonstration that elevated SOST levels in
OA Ob are responsible, at least in part, for their reduced cWnt signaling
and abnormal mineralization. As SOST is a secreted soluble protein, this
could lead to potential new avenues of treatment of OA to correct their
abnormal bone phenotype and mineralization.
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Purpose: Hyaline cartilage consists in a specialized extracellular matrix
containing chondrocytes residing in lacuna, which are separated from
each other by a distance between 5 to 30mm. In the same lacuna can
co-exit several chondocytes interacting between them. However, how
the chondrocytes from different lacuna interact between each other and
timely respond to physical or chemicals stimuli, are largely unknown.
Nonetheless, some evidences have suggested a lacuna/lacuna signalling
where several authors have observed interconnecting tracks within the
extracellular matrix. The purpose of this study was to investigate how
chondrocytes connect each other within the matrix. The capacity of
chondrocytes to respond timely to an insult should be critical to maintain
the dynamic of the tissue.
Methods: In situ cartilage from Sus scrofa and human were ﬁxed
and frozen immediately using Tissue-Tek O.C.T. and isopentanol in
liquid nitrogen. Samples were ﬁxed with acetone for confocal optical
microscopy assays. Samples were embedded in cacodylate buffer before
dehydratation for Scanning Electron Microscope (SEM). Gold was use
for coating. Frozen samples were also used for immunoﬂuorescence
and immunohistochemistry assays. For total RNA isolation, the proteins
and DNA were removed from cell extracts using TRIZOL® Reagent
(Invitrogene) before using the RNeasy Kit (Qiagen) which includes DNase
treatment (RNAse-Free DNAse Set). Quantiﬁcations were done using SYBr
green real-time PCR.
Results: We have found cell/cell physical connections between
chondrocytes located at different distance within cartilage. Using young
cartilage from Sus scrofa, we have observed that chondrocytes interacts
each other in the superﬁcial and middle layers. First results in human
have shown same cell/cell connections through all layers of cartilage from
healthy and osteoarthrosis patients (OA). We have found that intercellular
communication occurs through gap junctions formed by Cx43. Cultured
chondrocytes are well coupled and show voltage dependence typical
of Cx43 channels. Our preliminary results suggest differences in Cx43
expression and localization between chondrocytes from healthy and OA
cartilage that could explain the deterioration of cartilage in OA.
Conclusions: Using confocal optical microscopy and SEM we have
found that chondrocytes connect directly between each other across
the extracellular matrix through large cytoplasmic projections. Cell/cell
interactions point out the potential interest to keep the correct response
to stimuli in a tissue lacking of nerves and vessels. We have also found
that intercellular communication occurs through channels formed by
Cx43. Gap junction permeability allows the intercellular exchange of
small ions and molecules, some of which are crucially involved in
intercellular signal transduction.
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THE REGULATION OF TGF-BETA SIGNALING IN CHONDROCYTES
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Canada
Purpose: Transforming Growth Factor-Beta (TGF-b) plays a critical role in
the growth, development, maintenance and repair of articular cartilage,
and deregulation of its activity is implicated in osteoarthritis (OA).
Articular cartilage is physiologically hypoxic therefore chondrocytes
have developed highly conserved adaptive mechanisms to survive this
environment. The progression of OA results in a decrease in extracellular
matrix (ECM) production and alteration in the environment surrounding
the cartilage tissue, thus providing different conditions for chondrocytes
to adapt. Although extensive research has been conducted in this ﬁeld,
the mechanisms involved the pathogenesis of OA is poorly understood.
Our previous work has shown that chondrocytes express two TGF-b type
I receptors, ALK5 and ALK1, which signal through the Smad2/3 and the
Smad1/5/8 pathway, respectively. In addition we have demonstrated that
ALK5 and ALK1 pathways elicit opposing effects on chondrocyte function,
and that the TGF-b co-receptor, endoglin, promotes the ALK1/Smad1/5
pathway. Furthermore, our preliminary results have demonstrated that
that oxygen tension may differentially regulate ALK5 versus ALK1
pathways. The purpose of the study was to determine the mechanisms by
which endoglin and hypoxia may modulate TGF-b signaling and action
in human chondrocytes.
Methods: Human articular cartilage samples were collected from femoral
condyles obtained from hip joint surgery from adult patients diagnosed
with OA. Normal cartilage (N) was collected from adult patients who
suffered traumatic joint injury, with no history of degenerative joint
disease. The collected tissue biopsies were (i) ﬁxed in a periodate-
lysine-paraformaldehyde solution for immunohistochemistry, and (ii)
snap frozen in liquid nitrogen and stored at −80 for cartilage extraction
for western blot analysis. Endoglin expression was examined in OA versus
N cartilage. The human chondrocyte cell line, C28/I2, was used as an in
vitro model to analyze the mechanisms involved in the regulation of
TGF-b signaling by hypoxia. Cells were exposed to hypoxia (<2% O2) or
normoxia for 2 hours or 48 hours and cell lysates were analyzed for the
expression and activation of TGF-b signaling components and production
of ECM components.
Results: Our results show that endoglin expression is upregulated in
OA compared to N cartilage. In addition, oxygen tension differentially
regulates ALK5/Smad2/3 and ALK1/Smad1/5 pathways. Importantly,
hypoxia increased the expression of HIF-1alpha, ALK5, Smad3, type II
collagen and decreased the expression of ALK1, Smad1 and endoglin.
Conclusions: Collectively, our results suggest that endoglin and oxygen
tension function as potential modulators of the ALK1 versus ALK5 TGF-b
signaling pathways in human chondrocytes. Identiﬁcation of factors such
as endoglin and hypoxia as regulators of TGF-b signaling and responses
in chondrocytes may provide a basis for the development of therapeutic
approaches for the treatment OA.
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Purpose: Articular cartilage is physiologically hypoxic tissue due to its
avascular structure. The transcription factor hypoxia-inducible factor-
1alpha (HIF-1a) represents one important element in maintaining proper
cellular functions under hypoxic condition. As for chondrocytes, HIF-1a is
of great importance by promoting the synthesis of relevant extracellular
matrix components. On the other hand, heat shock protein70 (HSP70) is a
member of a family of highly conserved proteins which are synthesized
in cells after stress loading, and protects cells from various types of
stress. We reported that chondrocytes by transduction of HSP70 gene
were protected from cytotoxic stress. Recent study showed that hypoxic
stress led to an increase in the transcription factor HIF-1a in growth
plate of tibial dyschondroplasia, causing increases in the levels of HSP70.
However, in chondrocytes under hypoxic stress, the mechanism of
interplay between HIF-1a and HSP70 is still unknown. The objective
of this study is to investigate the effects of hypoxia on extracellular
matrix gene and HSP70 in cultured chondrocytes of rabbit, and to reveal
the role of HIF-1a and HSP70.
Methods: Primary chondrocyte cultures were established from rabbit
joints. The cells were cultured under 20% (normoxia), 1% (hypoxia)
oxygen, and simulated hypoxia (20% oxygen plus CoCl2 for chemical
inducer of HIF-1a) during 24hours, respectively, balanced with CO2
incubator. siRNA targeting HIF-1a (si-HIF-1a) was transfected into the
cells cultured under normoxic or hypoxic conditions to silence HIF-
1a. The mRNA levels of HIF-1a, HSP70, proteoglycan core protein (PG)
and type II collagen (Col II) were measured by quantitive real-time
reverse transcription polymerase chain reaction. Statistical signiﬁcance
was deﬁned as a p-value of less than 0.01 by Tukey’s test.
